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Abstract: Cellular and subcellular mechanisms involved in tissue responses to larval and adult lungworms
(Protostrongylidae) were respectively explored through experimental and natural infections in molluscan intermediate
(Xeropicta candacharica) and ruminant definitive hosts (Ovis aries). Reaction to developing larval stages in the gastropod
is manifested as cellular infiltration involving lymphocytes and macrophages into the infected tissue, which restricts
damage and may result in destruction and elimination of parasites from the intermediate host. Variations in the patterns
of localization for infective third-stage larvae in the foot tissue of the intermediate host are described. In the definitive
host, evaluation of lung tissue by histology and transmission electron microscopy revealed the activation of lymphocytic
and monocytic-macrophage systems. An intensive fibroblastic reaction in the lung parenchyma results in formation of
connective-tissue capsules around helminths and more broadly demarcates zones of infected tissue.
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Introduction
Nematodes of the family Protostrongylidae Leiper,
1926 are parasites as adults primarily in the
respiratory system of large terrestrial mammals
inhabiting mountain, steppe, and savannah
ecosystems across the Holarctic and Africa (Boev,
1975). Protostrongylids are represented by numerous
genera and species, many of which cause
economically significant diseases in domestic and
free-ranging ungulates. A diverse assemblage of
protostrongylids involving an estimated 15 species in
6 genera are recognized as parasites in Caprine bovids

from Uzbekistan, with additional species distributed
across adjacent arid regions of central Asia (Boev,
1975; Kuchboev, unpul. obs.). Life cycles of these
nematodes are complex, taking place in terrestrial
mollusks and mammals, which are essential for the
development and transmission of protostrongylids.
Mollusks are intermediate hosts for the development
of second-stage (L2) and infective third-stage larvae
(L3) (Boev, 1975, Kulmamatov et al., 1994; Anderson,
2000; Akramova, 2003; Kuchbaev et al., 2003). Cycles
are completed when infective L3 are ingested by the
definitive caprine host.
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The problem of the structural basis for
interrelations of the parasite and the host is one of the
most important problems in theoretical and practical
helminthology. Currently, there are some reports
concerning certain morphological aspects of the
response of some host organs and tissues to infection
by certain nematode species (Stockdale, 1976; Seese
and Worley, 1993; Hoberg et al., 1995; Kutz et al.,
1999, Yıldız et al., 2006). Cellular and subcellular
mechanisms underlying tissue responses to infection
in definitive and intermediate hosts, however, still
remain unclear. The solution of these questions is of
applied importance, since it promotes insights into the
intricacies of host-parasite interrelations and
contributes to the development of adequate ways of
prevention and intervention to limit the impact of
nematode infections. In the current study, we explore
the basis for cellular and sub-cellular mechanisms
involved in tissue responses in both definitive and
intermediate hosts to nematode infection.
Materials and methods
Morphological studies were based on parasite
material representing infective and developing larval
stages in molluscan intermediate hosts, and adult
nematodes in domestic ruminants. Tissues were
sampled and processed from respective molluscan or
mammalian hosts as specified in the following
sections.
We used tissues of 10 terrestrial mollusks
Xeropicta (X.) candacharica (L. Pfeiffer, 1846)
experimentally infected with a mixed population of
L1 representing species of Protostrongylus Kamensky,
1905 and Cystocaulus Shulz, Orlov and Kutass, 1933;
these snails were the source for L2 and L3. Infection
was confirmed macroscopically, as indicated by the
formation of melanistic spots (brown to black)
measuring 2-3 mm in diameter in dense tissue of the
foot of the molluscan host. The L3 were subsequently
isolated from the feet of experimentally infected
mollusks on 35th day after infection.
Experimentally infected definitive hosts included
4 domestic sheep, Ovis aries L., which served as the
source of tissue and lung parenchyma containing
adult and larval nematodes representing
Protostrongylus rufescens (Leuckart, 1895) and
2

Cystocaulus ocreatus (Railliet et Henry, 1907). As a
basis for experimental infections, sheep were
administered 1000 protostrongylid L3 per os. Animals
were euthanized and necropsied for recovery of
tissues and adult parasites at 30 days post-infection.
Infections were confirmed macroscopically, as
indicated by the nodular structure (3.5 cm) and
marbled color of the lung parenchyma. Host animals
were maintained in the vivarium of the Laboratory of
Parasitology, Institute of Zoology, and Uzbekistan
Academy of Sciences.
Tissues were sampled at the time of necropsy for
both intermediate and definitive hosts. For mollusks,
tissues were taken from various organ systems
(digestive tract, foot, etc.) and directly from the sites
of localization for L3 in the muscular foot. For sheep,
pulmonary parenchyma was sampled in regions
characterized by lesions typical of protostrongylid
infections. Preparation of tissues from either source
for light-optical microscopy involved, fixation in 10%
neutral formalin, dehydration through a series of
ethanol and infiltration with paraffin. Histology
involved serial-sectioning at 5-8 μm, and staining
with hematoxylin and eosin. Histological sections
were evaluated at varying magnifications with a MBR17
microscope
(LOMO,
Russia),
and
photomicrographic images were captured with a
Nikon Coolpix 4500 digital camera (Nikon, Japan).
Preparation for transmission electron microscopy
involved fixation in 2.5% solution of gluteraldehyde
and 2% solution of OsO4, and infiltration and
embedding in epon-araldite. Ultra-thin sections were
obtained with an LKB-V ultra tome (Nova, Sweden)
and after contrasting were studied under a JEM100SX transmission electron microscope (TEM) (Jeol,
Japan) at an accelerating voltage of 80-100 kV.
Results
Histological studies of mollusk foot tissues
infected with Protostrongylidae larvae
The study revealed that settlement and
development of L3 protostrongylids in the tissue of
molluscan intermediate hosts resulted in the
formation of foci both in the foot-musculature and
the digestive tract. Larvae were oval in form, and
occurred in a dense envelop of tissue distributed in
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the fragments of muscle tissue of infected mollusks.
Necrotic and connective tissues surround the larvae.
Clearly visible were cells associated with
inflammation surrounding the nematode, as well as a
dense capsule formed by fibrous connective tissue
containing fibroblast-like cells (Figure 1). The
distribution of L3 and developing larvae was
heterogeneous; substantial aggregations of larvae were
apparent in some tissues, whereas in the musculature
L3 were often absent, or were single and isolated. The
digestive tube had considerable mucus and at the
cellular level the epithelium was characterized by
edema and desquamation. Remnants of dead and
degenerating larvae and aggregations of mononuclear
cells were found in the lumen of the digestive tube. A
visible lymphoid-macrophage response with diffuse
localization was recorded in the surrounding
parenchymatous tissue. Dense aggregations of
mononuclear cells were observed surrounding
individual larvae. Focal edema occurred in tissue
spaces surrounding degenerating larvae. Edematous
foci were surrounded by mononuclear cells,
represented by lymphocytes and monocyticmacrophages. The formation of large multi-nuclear
cells was less frequently observed around these foci of
infection.
Larvae are often contained in a fluid filled space
or lumen demarcated by musculature and connective

Figure 1. Molluscan intermediate host, showing foot tissue
infected with protostrongylid larvae. The larva (L3) is
surrounded with connective-tissue capsule containing
fibroblast-like cells (FbL). Photomicrograph is shown
at 200× magnification.

tissues. Infiltration around the larvae is associated
with development of connective tissue. On the
periphery of the capsule, inflammatory processes in
the form of hypostasis are observed. The surface
epithelium of the mollusk may be destroyed at some
distance from the place of larva localization. Fibrosis
is noted in some regions where cellular structure has
degenerated, and, in these areas, surface tissues are
covered with a single-layered superficial epithelium.
High magnification revealed the areas of
localization for larvae in the foot of the molluscan
host. Deep in the foot, larvae reside in the form of a
spiral surrounded by a fluid-filled space; these foci are
surrounded by damaged and dying cells of the host,
and there is considerable cellular infiltration.
Histological studies of sheep lungs infected with
Protostrongylidae
A general-morphological study of the lung tissue
showed that changes in the structural organization of
the parenchyma are primarily associated with
parasite-induced lesions and localized foci of
infection. Inflammatory-destructive changes were
noted in those parts of the pulmonary tissue where
dark-red or brown-black spots were apparent
macroscopically. The cellular response in pulmonary
tissues was around these focal areas, whereas more
distant tissue was unaffected.
Affected zones were characterized by the
disturbance of the structural architecture of the
pulmonary parenchyma. Infection was accompanied
by infiltration of the lung parenchyma, collapse or
emphysematous swelling of alveoli, edema, and
swelling of the mucus tunic of the bronchi, especially
small bronchi and terminal bronchioles. Aggregations
of cellular detritus with a mucous component were
revealed in the lumen of bronchi, and were associated
with adult nematodes. Adult helminths were observed
in a typical coiled form or a spiral; swollen and
destructively changed parasites of a spherical form
could also be observed (Figure 2). Some nematodes
were recorded in the peribronchial connective tissue.
Distinct hyperplasia and enlargement of peribronchial
lymphatic follicles was apparent. Infiltration of the
peribronchial cellular spaces predominately involved
small and mid-sized lymphocytes; large macrophages
and single granulocytes also were frequently
observed.
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tissue surrounded parasites and restricted tissue
migration. Thick and enlarged clusters of collagen
fibers, among which fragments of destroyed
helminths, subject to fibrinoid swelling and lysis, were
noted. Formation of rather thick connective tissue
capsules, around which macrophages and cells of
foreign bodies were observed, occurred in association
with isolated helminths that appeared to remain
viable. Localization of helminths around blood vessels
caused formation of inflammation and growth of the
connective tissue; the vessel wall was swollen, with
fragmentation of muscle clusters and collagen fibers.

Figure 2. Lung tissue from sheep definitive host showing focal
infection by adult protostrongylid lungworms. The
localization is partly or completely destructive
helminths in the lumen of the bronchus, around which
an intensive lymphocyte-macrophage reaction (LMR)
is revealed. Photomicrograph is shown at 200×
magnification.

The hyperplasia of the lymphoid tissue in the focus
of infection extended beyond the peribronchial zones.
At the distance from the bronchi, large lymphatic
follicles were revealed around blood vessels, in which
the main area was occupied by reactive centers. The
wall of vessels around follicles was, as a rule,
edematous, and the lumen was slightly narrowed.
Interrelations of parasites and the lymphoid tissue
could be seen wherever helminth invasion occurred.
In the focal of aggregations of L1, substantial
infiltration of lymphocytes and cells of the
monocytic-macrophage line were observed.
Formation of new lymphatic follicles may be
associated with these regions. In these new follicles,
together with the edematous foci, reactive centers
contained mainly young cells representing
lymphoblasts and monoblasts. It is noteworthy that
most helminths situated around these follicles were
destructively changed and surrounded by a thin
connective tissue capsule.
One of the typical peculiarities of the tissue
response of the lungs to the helminth infection was
activation of fibroblasts with a further development
of connective tissue. The bundles of newly formed
collagen fibers together with fibroblast-like cells were
present in regions of helminth localization; connective
4

Electron microscopy of sheep lungs infected
with Protostrongylidae
The cellular response of the lung tissue was
confirmed by TEM. The infection was shown to
produce a negative effect on the lung parenchyma
including subcellular components. Destructive
modification of epithelial cells took place in mid- and
small bronchi. Alveoli were occluded; the lumen was
closed due to the conglutination of Type I alveolar
epitheliocytes. Fibroblasts and monocytes were
revealed in alveolar septa between alveolocytes. The
aerohematic barrier was destroyed in some places,
which resulted in free erythrocytes and neutrophilous
granulocytes infiltrating into the interalveolar spaces
beyond the capillaries (Figure 3). In many focal
regions of infection, there was a visible thickening of
interalveolar septa; numerous lymphocyte-like and
fibroblast-like cells were present.
Destructive fibroblasts were recorded in the
thickened epithelium of the small bronchi. This was
accompanied by edema, local lysis of cytoplasm, and
manifested by reduction of cilia. The ultrastructure of
large Type II alveoli varied widely in the foci of
infection. Type II alveolocytes were revealed less
frequently, the cytoplasm of which contained a
significant number of osmiophil bodies (Figure 4). In
this case, a thickening of the aerohematic barrier and
infiltration of interalveolar septa with fibroblast cells
occurred. Degranulation of Type II alveocytes is often
noted. The emergence of light vacuoles in the
cytoplasm associated with reduction of their
microvilli was observed, and a complete absence of
osmiophyllous bodies. All these indicate that
helminth infections not only produced an adverse
effect on the structure of the aerohematic barrier, but
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Discussion and conclusion
Localized in hosts, protostrongylidae larvae
determine the character of the pathological effect on
tissues in which they are situated. The larvae L1, L2,
and L3 affect the digestive system and foot-tissues of
the molluscan intermediate host. Certain traits
characterize the tissue and cellular responses and
interrelationships between parasite and host. Tissue
response is manifested by infiltration of lymphocytes
and macrophages, and is directed at limitation of the
damaging effects of the parasite and with the
destruction and elimination of larvae from the
molluscan host.
Figure 3. Transmission electron microscopy (TEM) of the lung
tissue from sheep infected with adult protostrongylids.
Note infiltration of free erythrocytes (E) and
granulocytes (Gr) into the lumen of the alveoli (AL)
due to the disturbance of the integrity of the
aerohematic barrier. Magnification ×3500.

Figure 4. Transmission electron microscopy (TEM) of the lung
tissue from sheep infected with adult protostrongylids.
Note structure of the lizosome (Lz) within an alveolar
macrophage. Magnification ×3500.

also inhibited the pulmonary surfactant system. This,
in turn, contributed to the increase in the level of
atelectasis of the lungs and a decrease in the intensity
of gas exchange. Submicroscopic destructive changes
in the lung parenchyma associated with infection by
helminths were also accompanied by an increase in
the number of lymphocytes, monocytes, and
macrophages. These cells often adjoined the regions
of lung parenchyma that had been destroyed.

We suggest there are several variants possible for
patterns of localization by L3 protostrongylids in the
foot tissue of molluscan intermediate hosts. Larvae
may be found: 1) under the basal membrane of
integumentary epithelium of mollusk foot. The larvae
situated under the basal membrane of a single-layered
epithelium take a "curved" position and ellipsoid
form. Quite often they deform the surface of
epithelium, which is apparent in a lateral aspect as a
miniscule projection; 2) In the second type, larvae are
localized in connective tissue. In these connective
tissue capsules, infiltration around the focus of
infection is observed and hypostasis on the periphery
of infiltration is noted; and 3) deep localization of
larvae between the muscular tissues of the molluscan
foot. In this case the larva takes the form of a spiral. In
the middle of the larva a lumen is noted in which
muscular fibers are distinctly visible.
These variations may reflect specific patterns of
localization of L3 for different species (representing
different genera) of protostrongylids; in the current
study this cannot be resolved due to the nature of
mixed infections and populations involving different
species. Alternatively, patterns of localization may
indicate different stages of development for larvae, in
association with specific responses mounted by the
molluscan intermediate host. Further investigations
relying on single species infections are necessary to
explore these hypotheses. Additionally, larvae may
penetrate more easily into relatively unconsolidated
tissues, whereas movements into dense tissues such
as the foot musculature may be physically restricted
(Zmoray et al., 1968). Consequently, L3 may be most
often localized near the surface of the foot and less
5
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frequently deep in the tissue. It is also possible that
relative position in the foot-musculature may be
correlated with those species where emergence of the
L3 from the intermediate host is known to occur
(Kutz et al., 2000).
Protostrongylidae nematodes are known to
initially infect the definitive host by ingestion of L3,
which later molt and migrate via the circulatory
system to localize in the lungs. In the pulmonary
system adult parasites, eggs, and larvae occurring in
the bronchi and interstitial tissue cause focal,
destructive, and inflammatory changes (Davtyan,
1949; Geritchter, 1951; Rose, 1959, Boev, 1975;
Anderson, 2000).
The results of the histological and TEM studies of
lung tissues and parasites indicate that disease is
induced by adhesion providing helminths close
contact with animal tissues and food. Changes in the
lungs cause significant damage in definitive hosts.
Besides direct contact by mature and gravid parasites,
metabolic processes associated with infection also
drive morpho-functional disturbances. For example,
infections by
Protostrongylus rufescens and
Cystocaulus ocreatus result in lung lesions due not
only to the presence of mature parasites but also to
larvae and eggs and associated inflammatory
reactions which are targeted at these developmental
stages. Depending on the abundance of eggs, larvae,
and immature and mature parasites as well as the
severity of inflammatory reactions, gaseous exchange
in the lung is impaired; pulmonary performance is
reduced dramatically (Švarc, 1984; Berrag and
Cabaret, 1996; Yildiz et al., 2006).
Thus, the infection of helminths in the pulmonary
tissue is accompanied by a pronounced nonspecific

response aimed at the localization and inhibition of
the parasites. Both the light-optical and electron
microscopy examinations revealed a pronounced
activation of lymphocytes and monocyticmacrophage pathways in the pulmonary system.
Simultaneously, an intensive fibroblast reaction of the
parenchyma was noted, which was aimed at
formation of limiting connective-tissue capsules
around helminths and zones of damaged tissues
induced by helminths. Concurrently, helminth
infection produced adverse effects on the structural
components of the pulmonary system, which were
manifested as foci of atelectasis and emphysema,
sclerosis of interalveolar septa, and disturbance of the
integrity of the aerohematic barrier.
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